Background/Aims: Migraine is frequently accompanied by symptoms consistent with functional gastrointestinal disorders (FGIDs). This study evaluated the prevalence of functional gastrointestinal symptoms and assessed the symptoms' relationship with the concomitant functional symptoms of anxiety, depression, and headache-related disability. Methods: This prospective study included 109 patients with migraine who were recruited from a headache clinic at a teaching hospital. The participants completed a self-administered survey that collected information on headache characteristics, functional gastrointestinal symptoms (using Rome III criteria to classify FGID), anxiety, depression, and headacherelated disability. Results: In total, 71% of patients met the Rome III criteria for at least one FGID. In patients with FGID, irritable bowel syndrome was the most common symptom (40.4%), followed by nausea and vomiting syndrome (24.8%) and functional dyspepsia (23.9%). Depression and anxiety scores were significantly higher in patients meeting the criteria for any FGID. The number of the symptoms consistent with FGID in individual patients correlated positively with depression and anxiety. Conclusions: FGID symptoms defined by the Rome III criteria are highly prevalent in migraine. These symptoms correlate with psychological comorbidities, such as depression and anxiety. (Gut Liver 2013;7:668-674) 
INTRODUCTION
Migraine is a common chronic debilitating disorder that affects 22.3% of the general population in South Korea. 1 Various gastrointestinal symptoms, such as nausea, vomiting, retching, and loss of appetite are characteristic of patients with migraine. In addition, migraine can be accompanied by a sense of heaviness in the epigastric region, epigastric pain, belching, and lower gastrointestinal symptoms, such as diarrhea and flatulence. 2 The positive correlation between migraine and the presenece of symptoms consistent with functional gastrointestinal disorders (FGIDs) has previously been established in many clinical observations and epidemiological studies. [2] [3] [4] [5] [6] A recent large, population-based, cross-sectional study reported a higher prevalence of headache, including migraine, in individuals with reflux symptoms, diarrhea, constipation, or nausea than in individuals without such complaints. 5 A large cohort study of 97,593 patients with irritable bowel syndrome (IBS) revealed a higher prevalence of migraine (6%) compared to that in healthy controls (2.2%). 6 However, a clinical study of dyspeptic patients referred for upper gastrointestinal endoscopy revealed that the prevalence of migraine in patients with reflux-like/ulcer-like dyspepsia did not differ from that in healthy controls, and was higher only among those with dysmotility-like dyspepsia. 3 Migraine has been reported to be associated with psychiatric comorbidities such as depression, anxiety, bipolar disorder, panic disorder, and suicide. 7 Furthermore, migraine is a significantly more frequent symptom in various unexplained clinical conditions such as IBS, fibromyalgia, chronic fatigue syndrome, and depression. 6, 8 These results have prompted speculation that these disorders have a similar pathogenesis. However, there are few data on the impact of FGIDs on headache-related disability, and the association between FGIDs and psychological comorbidity in migraine.
We evaluated the prevalence of functional symptoms (using Rome III criteria to classify FGID) in a prospective, systematically acquired cohort of migraine patients attending a teaching hospital in Korea. We aimed to clarify the relationship among these concomitant functional symptoms, psychological comorbidity, and headache-related disability.
MATERIALS AND METHODS

Patients
The study was performed at a teaching hospital of Uijeongbu St. Mary's Hospital, The Catholic University of Korea College of Medicine from March to August, 2011. One hundred nine patients (14 male, 95 female; mean age, 41 years; age range, 16 to 74 years) with migraine were consecutively recruited from a headache clinic. All participants underwent a clinical interview and physical and neurological examinations by experienced neurologists (J.W.P. and H.E.S.). The diagnosis of migraine was made based on the operational diagnostic criteria of the International Headache Society (International Classification of Headache Disorders-II). 9 Excluded subjects were those suffering from severe systemic disease; those with a history of abdominal surgery (except appendectomy); those with hepatic, biliary, pancreatic, and gastrointestinal disorders who were receiving treatment; and those who had taken analgesics for headache more than 10 times during the previous 3 months. In 42 of the 109 patients (38.5%), there were no abnormal results on upper gastrointestinal endoscopy and/or colonoscopy, both of which were performed within a year before participation in the study.
Questionnaire
Patients completed a structured questionnaire to provide detailed data regarding the clinical symptoms and features of their headache, 10 and the Korean translation of the Rome III questionnaire to assess functional gastrointestinal symptoms.
11
The Korean version of the Rome III questionnaire consists of 74 questions. The validation process for the Korean version of the Rome III questionnaire consisted of forward and backward translation, as well as confirmation of the patient's ability to understand. 12 Diagnosis of functional dyspepsia (FD) was based on the presence of one or more of following symptoms for at least 3 months with symptom onset at least 6 months prior: bothersome postprandial fullness, early satiation, epigastric pain, epigastric burning with no evidence of structural disease observed on upper endoscopy, which would likely provide an explanation for the symptoms. FD was classified into postprandial distress syndrome (PDS) and epigastric pain syndrome (EPS) subtypes. To diagnose IBS, patients must have had abdominal pain or discomfort for at least 3 of the previous 6 months, with two or more of the following symptoms: pain improvement after defecation, symptoms associated with a change in stool frequency, or symptoms associated with a change in stool form. We categorized IBS into subtypes by asking participants if their stools were hard/lumpy stools or loose/watery. All patients were given headache diaries at the initial visit. Patients were asked questions about headache characteristics and symptoms associated with each attack. Patients completed a diary at the same time each day on days in which they experienced a headache. 10 Each diary covered a 4-week period. The intensity of headache pain was assessed using a visual analog scale scored from 0 to 10, where 0 indicated no pain at all and 10 indicated the worst pain imaginable.
Headache-related disability
We adapted the Migraine Disability Assessment Scale (MIDAS) and the Headache Impact Test-6 (HIT-6) to assess headacherelated disability. The MIDAS consisted of five health-related disability items to measure the effect of migraine on functional ability in three domains: school/work; household work; and family, social or leisure activities. 13 The items covered a >50% reduction in ability to attend work or school, a >50% reduction in ability to do household work, and inability to participate in nonwork activities (total score of 0 to 3 for each headache attack). 10 The total score was calculated by adding the five items, with a higher score indicating increased headache-related disability. HIT-6 contained six items: pain, social functioning, role functioning, energy or fatigue, cognitive functioning, and emotional distress. 14 Patients answered each of the six items using a 5-point scale comprising the categories: "never," "rarely," "sometimes," "very often," and "always," which were assigned values of 6, 8, 10, 11, and 13, respectively. The HIT-6 score was calculated by adding the six items and ranged between 36 and 78, with a higher score indicating a greater impact of headache on daily life. 10 Patients completed the MIDAS and the HIT-6 questionnaire over a 4-week period.
Psychological comorbidity
The Beck Anxiety Inventory (BAI) and Beck Depression Inventory (BDI) were administered to determine psychological status. The BAI is a 21-item questionnaire developed to measure anxiety-related symptoms over the past week. 15 Patients were asked to rate how much they had been bothered by each symptom on a four-point scale ranging from 0 to 3. The BDI is a 21-item self-reported scale for depression. 16 Each item was scored on a scale ranging from 0 to 3 according to how the patient felt at that particular time.
Statistical analysis
Statistical analysis was performed with SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). Categorical variables are presented as proportions, and continuous variables are presented as means±SD. Continuous data were compared using an independent sample t-test, whereas categorical data were analyzed using chi-square or Fisher exact tests. For multiple comparisons, ANOVA with post hoc comparison of all pairwise differences (with Tukey correction for multiple comparisons) was used. A value of p<0.05 was considered statistically significant for all tests.
Ethics statement
This study protocol was approved by the Institutional Research Ethics Board of Uijeongbu St. Mary's Hospital, The Catholic University of Korea College of Medicine (IRB No. UC-11OISI0046) and adhered to the Declaration of Helsinki. All of the study subjects completed an informed consent form before participating in the study. The informed consent was approved by the IRB.
RESULTS
Prevalence of symptoms consistent with FGID
Demographic and headache characteristics in the migraine cohort are described in Table 1 . The prevalence of FGID in the migraine cohort is shown in Table 2 . Overall, 77 (70.6%) participants met the Rome III criteria for one or more FGID (Table  1) , 33 (30.3%) met the criteria for one FGID, and 44 (40.3%) met the criteria for more than one FGID. In all patients with FGIDs, the frequencies of esophageal, gastroduodenal, bowel, and anorectal disorders were 23.9%, 42.2%, 57.8%, and 2.8%, respectively. The most prevalent FGID was IBS (40.4%), followed by nausea and vomiting disorders (24.8%), and FD (23.9%). Functional heartburn was the most frequently observed esophageal disorder. With regard to functional gastroduodenal disorders, nausea and vomiting disorders were the most prevalent, fol- lowed by FD, and belching disorders (3.7%). In terms of functional bowel disorders, IBS was the most prevalent, followed by functional bloating (15.6%), functional diarrhea (2.8%), and functional constipation (0.9%). With respect to functional anorectal disorders, the frequency of functional defecation disorder was 2.8%. Among the 26 patients with FD, the following dyspeptic subgroups were identified: eight patients (7.3%) had postprandial fullness and/or early satiation (PDS subgroup), and one patient (0.9%) had epigastric pain and/or burning. Seventeen patients (15.6%) with FD met neither the PDS nor EPS criteria. Among the 27 patients with nausea and vomiting disorders, 13 (11.9%) had bothersome nausea not usually associated with vomiting (chronic idiopathic nausea, CIN subgroup), nine patients (8.3%) had cyclic vomiting syndrome (CVS), and five (4.6%) had functional vomiting. Forty-four patients (40.4%) fulfilled the Rome III criteria for the diagnosis of IBS. Of these, 11 (10.1%) were classified as IBS with constipation (IBS-C), five (4.6%) as IBS with diarrhea (IBS-D), 27 (24.8%) as mixed IBS (IBS-M), and one as nonsubtyped IBS (IBS-U). Of the IBS subtypes, IBS-M was the most common, followed by IBS-C, and IBS-D.
Overlap of functional gastroduodenal disorders
Of 109 patients with migraine, 44 (40.3%) had more than one FGID. FD and IBS were the most frequent combination observed (16.5%). The concomitant FGID most frequently found with FD was IBS (69.2%), followed by functional heartburn (42.3%), CIN (23.1%), CVS (11.5%), and belching disorders (7.7%). The concomitant FGID most frequently observed with IBS was FD (40.9%), followed by functional heartburn (25%), CIN (18.2%), functional bloating (6.8%), CVS (4.5%), and belching disorders (4.5%).
Effect of concomitant FGID symptoms on headacherelated disability, anxiety, and depression
Mean BDI and BAI scores were significantly higher in patients who met the criteria for any FGID compared to patients who did not (BDI, 14.42 vs 7.78, p=0.003; BAI, 13.64 vs 7.27, p=0.001). There was no significant difference in MIDAS and HIT-6 scores between patients who met the criteria for any FGID and those that did not.
Additionally, the load of symptoms consistent with FGID in each patient (i.e., the number of FGID symptom clusters per patient) correlated with psychological comorbidity. The number of FGID symptom clusters in patients correlated positively with higher BDI and BAI scores (r=0.37, p<0.001; r=0.38, p<0.001, respectively) (Table 3) . However, there were no correlations between the number of FGID symptom clusters and MIDAS 4. Associations of psychological comorbidity and headachere lated disability with specific FGID symptoms
Symptoms consistent with IBS were the most prevalent of any discrete FGID subtype. Strong correlations between IBS subtype and depression/anxiety were evident ( Table 4) . Results of symptoms consistent with nausea and vomiting disorders were similar. However, MIDAS score correlated only with FD subtype.
DISCUSSION
In this prospectively identified, hospital-wide population of migraine patients, we showed that 70% of patients met the Rome III criteria for concurrent FGID, with 40% of the cohort meeting the criteria for more than one FGID. Furthermore, we demonstrated a clear link between coexistent FGID symptoms, psychological comorbidity and the existence of a "load effect," as anxiety/depression scores worsened with increasing numbers of FGID symptoms. Previous studies of both FGID and migraine did not show this load effect.
The positive association between migraine and IBS has been confirmed by several clinic-and population-based studies. 6, 8, [17] [18] [19] [20] IBS and migraine affect 6% to 30% of the general population, usually young adults. 6, 17, 20 IBS was the most prevalent FGID in migraine patients in our study. Possible physiological pathways common to IBS and migraine may be associated with the braingut axis, neuroimmunity, and neuroendocrine interactions. 20, 21 Altered serotonin signaling is one of several hypothetical mechanisms underlying IBS and migraine. 22, 23 IBS and migraine show strong familial aggregation and presumably have a genetic basis. One recent study reported a familial association among patients with major depressive disorder and fibromyalgia, IBS, and migraine. 24 We previously reported that polymorphisms in the promoter region of the serotonin reuptake transporter (SERT) gene (SERT deletion/deletion genotype) are associated with IBS, especially diarrhea-predominant IBS. 25 In addition, SERT gene polymorphism of the variable number of tandem repeats is associated with migraine. 26 Although further genetic study is needed, these results suggest that both diseases share heritable pathophysiological features. Previous studies of FGID in migraine patients did not demonstrate differences in frequencies according to IBS subtype. However, our data indicate that IBS-M was the most prevalent in migraine patients. This is similar to our clinic-based study in which IBS-M was the most common IBS among patients with chronic gastrointestinal symptoms. 12 In this study, the second most common FGIDs in migraine patients were nausea and vomiting disorders. In the Rome II criteria, nausea is considered a symptom of motility-like dyspepsia. 27 However, the Rome III criteria exclude patients with predominant nausea from this category, using instead new terms such as CIN. 28 Another new category, cyclic vomiting in adults, was also added. 28 Although CVS in children has been well-described, its prevalence in adults has been underappreciated and there is to our knowledge no study of the true incidence and prevalence of CVS in the general population. Recent clinic-based studies have demonstrated that CVS may be the cause of unexplained vomiting in 3% to 14% of referred patients assessed in tertiary gastrointestinal motility clinics for unexplained nausea/vomiting. 29 Migraine headache, abdominal migraine, and CVS seem to be manifestations of a common diathesis with episodic attacks separated by symptom-free intervals. 30 Patients with these disorders may progress from one disorder to another over time. This progression occurs more often in patients with pediatric onset of disease. 29 A possible mechanism include the presence of mitochondrial dysfunction that leads to cellular energy deficits and contributes to autonomic nervous system dysfunction. Wang et al. 31 reported similar genetic homoplasmic sequence variants in the mitochondrial DNA of CVS patients and migraine patients without aura in pediatric populations. However, a recent study that involved larger numbers of adult CVS patients demonstrated that one in four adults have a history of migraine headaches. 32 In our study, a small percentage of migraine patients (8.3%) had CVS. Larger prospective studies are needed to clarify the relationship between CVS in adults and migraine. The prevalence of FD symptoms in migraine patients was higher than in the general population in our previous study (23.9% vs 11.7%). 33 However, the present study cohort exhibited a significantly lower rate of FD symptoms compared with a previous report. 4 This discrepancy might relate to the different criteria used by the authors to classify FD. In the Rome III criteria, FD is defined as the presence of symptoms thought to originate in the gastroduodenal region (specifically epigastric pain or burning, postprandial fullness, or early satiation). In addition, FD is subclassified into the new diagnostic categories PDS and EPS. 28 These changes were expected to prevent dyspeptic patients from being diagnosed as FD and to decrease the number of FD patients compared with the Rome II criteria. Meucci et al. 3 reported that the prevalence of migraine was higher in patients with dysmotility-like dyspepsia than in healthy controls or in patients with reflux-like and ulcer-like dyspepsia. However, a substantial proportion of FD (65.4%) were not classified into subgroups such as EPS or PDS in our study. This difference may be due to the varying symptom frequency in FD and its subtypes. The Rome III criteria require "at least" weekly symptoms for the diagnosis of FD but more frequent symptoms for subtype diagnosis. 28 The results may therefore differ when different criteria are applied to the same symptom frequency. Migraine has been reported to be comorbid with mood and/ or anxiety disorder in both population-based and clinic-based studies. 34, 35 Additionally, psychiatric comorbidity is directly correlated with the severity of FGID symptoms and degree of impairment. 36 When we compared depression and anxiety between patients meeting the criteria for any FGID with patients who did not, all scores were significantly higher in the former group. In addition, an increased load of FGID symptoms correlated with a greater burden of psychological distress. The presence of psychiatric comorbidity is associated with a negative outcome in the treatment of migraine patients. 37 Thus, accurate interpretation of FGID symptoms and appropriate management should be considered, and further study into their effective treatment is needed. Although MIDAS and HIT-6 are validated instruments for assessing functional impairment, FD correlated only with the MIDAS score. This may have been due to the limited number of study participants. This study has several strengths, including neurologist confirmation of the migraine diagnosis and the use of a standardized and validated questionnaire to ascertain FGID symptoms, psychological comorbidity, and headache-related disability. However, the study also had several limitations. Although the validated questionnaire for the Rome III criteria improved the characterization of FGID symptoms, there was an important problem regarding whether gastrointestinal symptoms were functional or organic, as more than 60% of the patients did not undergo endoscopy. FGID remained primarily a clinical diagnosis. In addition, a much larger sample would be required to reliably assess the effect of FGID symptoms on the headacherelated disability in migraine patients.
In conclusion, we found that FGID symptoms according to Rome III criteria were highly prevalent in migraine patients, and demonstrated that a greater burden of FGID symptoms correlated with higher rates of depression and anxiety. Treatment of FGID symptoms may have the potential to improve migraine. Further research is needed to establish the underlying pathophysiology and association between migraine and FGID.
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